Introduction {#section1-0394632017751786}
============

The association between systemic illnesses and diseases of the oral cavity has been studied for many years, mainly because diseases of the oral cavity seem to be a risk factor for cardiovascular events and type 2 diabetes mellitus.^[@bibr1-0394632017751786]^ Several studies have shown that the prevalence of periodontal disease and attachment loss increased significantly with age; moreover, it has been shown that most patients with periodontal disease were suffering from systemic disease.^[@bibr2-0394632017751786]^ It is known that the oral health status may interfere in people's food choices; thus, the diet is usually poor in nourishing terms, affecting the individual's general health, leading to increased levels of cholesterol, triglycerides, and obesity, and raising the risks of developing cardiovascular diseases (CVD). Researchers postulated a possible link between periodontal and CVD.^[@bibr3-0394632017751786]^ The concomitant presence of periodontitis may start and/or exacerbate the inflammatory response in atherosclerosis due to a direct and indirect mechanism. Direct mechanism is due to bacteremia caused by tooth brushing and dental procedures^[@bibr4-0394632017751786]^ of gingival sulcus and pockets. Moreover, viable periodontal pathogens and bacterial DNA have been isolated from human atheromas.^[@bibr5-0394632017751786]^

Indirect mechanism is attributable to the local production of inflammatory and autoimmune factors from periodontal tissue that circulates in the blood stream and could contribute to damage the vascular endothelium during the immunological cross-reactions between anti-pathogen antibodies and host vascular antigens. This ultimately results both in atherosclerosis and atheromatous plaque rupture.^[@bibr6-0394632017751786]^ Consequently, it is very important to control the risk factors for diseases of the oral cavity. Studies suggest that the treatment of periodontitis may be associated with positive effects both on inflammatory serum markers and on endothelial function.^[@bibr7-0394632017751786]^

The oral health problems are assessed measuring teeth loss and teeth decays; Decayed, Missing, and Filled Teeth (DMFT) index is another common index in dental epidemiology to assess the oral health and caries prevalence by a dentist. Periodontal status was assessed by Community Periodontal Index (CPI) that measure severity and degree of disease (gingivitis, task deepness) according to a World Health Organization (WHO) recommendation.^[@bibr8-0394632017751786]^ Masticatory function, oral self-perception, and psychosocial impact on patients are usually scored by the Geriatric Oral Health Assessment Index (GOHAI), a measurement system designed to assess the oral health problems of older patients.^[@bibr9-0394632017751786]^

A lower GOHAI score and a higher DMFT index are expected in poor dental health. The objective of this study was to conduct a retrospective analysis to detect oral health status and a possibly association between dental indexes and presence of vascular diseases in elderly patients.

Methods {#section2-0394632017751786}
=======

From January 2015 to February 2016, 533 patients (308 females, 225 males) were asked to visit the Geriatric Dentistry Department of "Policlinico Umberto I" of Rome for a routine check of their oral cavity/dental status. All subjects gave informed, signed consent to participate in the study.

The mean age of patients was 73.93 (±7.8 standard deviation (SD)) ranging 65--98 years.

The staff group collaborating in this study was composed of geriatricians, cardiologists, dentists, and other health professionals. A pre-designed medical history questionnaire including social status, habits, medical history, general health, and drug assumption were filled by each patient. Medical history, particularly focused on vascular diseases (stroke, previous myocardial infarction (MI), ischemic heart diseases, carotid plaque, peripheral artery diseases, etc.), and common atherosclerotic risk factors (arterial hypertension, diabetes, body mass index, etc.) have been recorded.

Patients with active cancer or recent vascular events have been excluded from the study. Each patient was introduced to GOHAI Index consisting of 12 questions that highlight aspects considered to have an impact upon the quality of life of the older population, such as functional limitation, chewing discomfort, esthetic dissatisfaction, and psychosocial problems. A high GOHAI score indicates satisfaction, a good perception of their oral status and a good oral health. Furthermore, a dental screening was performed by two dentists who detected DMFT Index, CPI, and the presence of removable or fixed dentures.

Statistical analysis {#section3-0394632017751786}
--------------------

A descriptive statistical analysis was performed for the categorical variables with the description of the frequencies (%). For the continuous variables, the measures of central tendency (mean or median) and the variability measures (SD and interquartile range) were calculated.

To assess the presence of the association between categorical variables chi-square statistical test was used; subgroup analyzes by age group, sex, weight class, oral care level, living habits, and sociodemographic characteristics were performed. To assess the possible association between sociodemographic variable levels and the oral cavity problems, a study analysis of GOHAI index response was performed. Moreover, we calculated the risk indicators (OR) as expression of the risk trend of general pathologies developing by the progressive transition to a higher class of missing teeth.

Variables showing significant association at the univariate analysis with CVD were included in a multivariate logistic regression model. The level of significance was set at the value of 0.05, and all analyses were performed with IBM SPSS v.21 software.

Results {#section4-0394632017751786}
=======

The mean of the DMFT was 13.8 (SD: 7.1). Among all patients, 8.6% (n = 46) had more than 12 decayed teeth, 43.7% (n = 233) had more than 12 missing teeth. A total of 122 patients (52.4%) had more than 18 missing teeth. No difference between females and males was seen in DMFT index (13.6 ± 7.3 vs 14.1 ± 7.0, *P* \> 0.05).

The GOHAI index was used to describe the general health status of the studied population. GOHAI sample mean (±SD) was 15.24 ± 8.88. As expected, the GOHAI index significantly decreased with age. Females experienced lower values than men. Data regarding GOHAI status of patient classified as "good," "mediocre," and "bad" conditions are reported in [Table 1](#table1-0394632017751786){ref-type="table"}.

###### 

Distribution GOHAI items across Likert scale.

![](10.1177_0394632017751786-table1)

  GOHAI dimensions                           Good conditions   Mediocre conditions   Bad conditions                           
  ------------------------------------------ ----------------- --------------------- ---------------- ----------- ----------- -----------
  Physical function                                                                                                           
   Limit the kind of food                    134 (63.2)        19 (4.2)              22 (10.4)        10 (4.7)    15 (7.0)    12 (5.7)
   Trouble biting/chewing                    84 (39.7)         16 (7.5)              33 (15.6)        23 (10.9)   21 (9.9)    35 (16.6)
   Trouble swallowing                        170 (80.2)        13 (6.1)              13 (6.1)         6 (2.9)     1 (0.5)     9 (4.3)
   Unable to speak clearly                   144 (67.9)        16 (7.6)              19 (8.9)         12 (5.7)    5 (2.4)     16 (7.5)
  Pain and discomfort                                                                                                         
   Discomfort when eating                    87 (41.0)         26 (12.3)             14 (6.6)         32 (15.1)   24 (11.3)   29 (13.7)
   Medications for pain                      152 (71.7)        25 (11.8)             18 (8.5)         11 (5.2)    3 (1.5)     2 (1.0)
   Sensitive teeth                           86 (40.5)         35 (16.5)             50 (23.6)        17 (8.0)    12 (5.6)    12 (5.6)
  Psychosocial impacts                                                                                                        
   Limit contacts with others                164 (77.3)        17 (8.0)              17 (8.0)         3 (1.5)     5 (2.3)     6 (2.8)
   Unhappy with appearance                   57 (26.9)         17 (8.0)              23 (10.8)        20 (9.5)    26 (12.2)   68 (32.0)
   Worried or concerned                      53 (31.1)         37 (21.7)             40 (23.5)        27 (15.8)   13 (7.6)    42 (24.7)
   Nervous, self-conscious                   103 (48.6)        31 (14.6)             27 (12.7)        22 (10.3)   14 (6.6)    15 (7.0)
   Uncomfortable eating in front of others   148 (69.8)        14 (6.6)              22 (10.3)        12 (5.6)    8 (3.7)     8 (3.7)

GOHAI: Geriatric Oral Health Assessment Index.

Despite the results shown in [Table 1](#table1-0394632017751786){ref-type="table"}, the quality of life was determined by the included in the study patients as acceptable. The proportion of patients who claimed that they never had trouble swallowing was 80.2%. Discomfort of eating in front of others was never experienced by 69.8% of subjects. Those who have never limited their social relations because of dental status was 77.3%.

Obviously GOHAI score declines with age. Higher GOHAI scores were seen in female patients; they experienced worse perception of the health status of their oral cavity. However, there were no statistically significant differences of GOHAI values related to sociodemographic variables (education, monthly income, and living with) ([Table 2](#table2-0394632017751786){ref-type="table"}).

###### 

Univariate analysis for associations between sociodemographic variables and the GOHAI mean score.

![](10.1177_0394632017751786-table2)

  Variables                 n = 533   Percentage (%)   Sum of GOHAI mean score   *P* value
  ------------------------- --------- ---------------- ------------------------- -------------------------------------------------------------
  Age (years)                                                                    
   60--69                   186       34.9             13.70 ± 8.89              0.050[\*](#table-fn4-0394632017751786){ref-type="table-fn"}
   70--79                   258       48.4             15.30 ± 9.06              
   \>80                     89        16.7             18.65 ± 9.80              
  Gender                                                                         
   Female                   308       57.8             17.05 ± 9.48              0.021[\*](#table-fn4-0394632017751786){ref-type="table-fn"}
   Male                     225       42.2             13.43 ± 8.85              
  Education (years)                                                              
   0--6                     294       55.2             16.89 ± 10.22             0.138
   7--12                    145       27.4             15.60 ± 9.27              
   \>12                     94        17.5             13.41 ± 10.48             
  Monthly income                                                                 
   Old-age pension⩽€500     403       75.7             16.20 ± 9.00              0.142
   Old-age pension \>€500   130       24.3             13.65 ± 9.26              
  Living with                                                                    
   Nobody                   125       23.5             18.75 ± 8.88              0.608
   Husband/wife             387       72.8             15.21 ± 9.56              
   Others                   20        3.8              16.12 ± 9.79              

GOHAI: General Oral Health Assessment Index.

Data are presented as mean ± standard deviation (SD) and univariate analysis of variance (ANOVA) *P* value.

Significance value.

No significant differences in DMFT and CPI indexes between people with different life styles (alcohol/smoking) have been observed.

Vascular diseases affected 69.8% of subjects (n = 372). As shown in [Table 3](#table3-0394632017751786){ref-type="table"}, patients with vascular diseases had mean age, sex, monthly income, chronic obstructive pulmonary disease (COPD), alcohol intake, smoking habit, comorbidity similar to those observed in patients without vascular diseases. Patients with CVD had lower education resulting in shorter education time (*P* \< 0.05) were more frequently affected by type 2 diabetes mellitus (*P* \< 0.05), underweight, and obesity (*P* \< 0.05). The married people were more affected by cardiovascular problems (66.9% vs 52.8%), with a reverse trend for the single persons.

###### 

Stepwise logistic regression between the independent variables and the presence of cardiovascular disease.

![](10.1177_0394632017751786-table3)

                                    Cardiovascular disease   Significance   
  --------------------------------- ------------------------ -------------- -------------------------------------------------------------
  Age Mean (±SD)                    74.1 (±7.2)              73.2 (±8.3)    0.210
  Genre, N (%)                                                              
   Male                             154 (41.4)               71 (44.1)      0.628
   Female                           218 (58.6)               90 (55.9)      0.628
  Education (years)                                                         
   0--6                             220 (59.1)               74 (46.0)      0.006[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
   7--12                            95 (25.5)                51 (31.7)      0.176
   \>12                             57 (15.4)                36 (22.2)      0.065[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
  Monthly income                                                            
   Old-age pension ⩽€500            283 (76.0)               121 (75.0)     0.906
   Old-age pension \>€500           90 (24.0)                40 (25.0)      0.959
  Living with                                                               
   Nobody                           85 (22.8)                41 (25.5)      0.588
   Husband/wife                     249 (66.9)               85 (52.8)      0.002[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
   Others                           38 (10.3)                35 (21.7)      0.001[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
  Diabetes mellitus type 2, N (%)   104 (27.9)               30 (18.6)      0.030[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
  COPD, N (%)                       57 (15.3)                19 (11.8)      0.351
  Depression syndrome               77 (20.7)                20 (12.4)      0.031[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
  Weight, N (%)                                                             
   Underweight                      22 (5.9)                 23 (14.3)      0.002[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
   Normal                           121 (32.5)               58 (36.0)      0.493
   Overweight                       147 (39.5)               64 (39.8)      0.964
   Obesity                          82 (22.0)                16 (9.9)       0.001[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
  Alcohol daily                                                             
   No alcohol                       233 (62.7)               99 (61.5)      0.879
   Less than one glass of wine      116 (31.2)               51 (31.7)      0.991
   Less than ½ L of wine            17 (4.6)                 6 (3.8)        0.835
   Wine of 1 L and over             5 (1.3)                  4 (2.5)        0.567
   Smokers, N (%)                   37 (9.9)                 22 (13.6)      0.269
  Oral Care, N (%)                                                          
   Good                             147 (39.5)               86 (53.4)      0.004[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
   Bad                              178 (47.9)               61 (37.9)      0.042[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
   Very bad/absent                  47 (12.6)                14 (8.7)       0.245
  Missing teeth, N (%)                                                      
   Less than 5                      97 (26.0)                51 (31.7)      0.184
   More than 18                     96 (25.8)                26 (16.2)      0.015[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
   Missing teeth mean (±SD)         11.8 (±7.7)              9.2 (±7.2)     0.012[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
   Filled teeth mean (±SD)          3.9 (±2.8)               5.1 (±3.1)     0.001[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
   Decayed teeth mean (±SD)         3.8 (±2.5)               3.3 (±2.3)     0.026
   CPI index mean (±SD)             18.5 (±7.3)              14.8 (±7.7)    0.002[\*](#table-fn6-0394632017751786){ref-type="table-fn"}
   DMFT index mean (±SD)            14.1 (±7.1)              13.2 (±7.3)    0.288

SD: standard deviation; COPD: chronic obstructive pulmonary disease; CPI: Community Periodontal Index; DMFT: Decayed, Missing, and Filled Teeth.

is the level of significance minor of the set value of 0.05.

Oral care was worse prevalently in patients with vascular disease (*P* \< 0.05). Accordingly, CPI index was significantly higher (*P* \< 0.05), and the number of filled teeth was significantly lower (*P* \< 0.05) in this group of patients. Moreover, the number of missing teeth was higher in patients with vascular diseases (*P* \< 0.05). Old people with more than 18 missing teeth (25.8%) showed an increased risk of CVD (*P* \< 0.05). [Table 4](#table4-0394632017751786){ref-type="table"} compares the unadjusted proportions of chronic disease group of each missing teeth class with those of patients without any missing tooth (control group), through OR calculation and corresponding confidence intervals (95% confidence interval (CI)). Apart from cardiovascular disease and diabetes mellitus, the presence of increasing step-scale of missing teeth tended to raise the risk to suffer from any selected chronic disease. To note the progressive increasing risk of cardiovascular disease moving from a minor missing teeth class to a superior one. Particularly, the subjects with more than 18 missing teeth had a 2.5 major statistically significant risk to suffer by a cardiovascular disease. The augmented levels of missing teeth, despite non-significant results, mark a positive trend risk even for the others observed pathologies.

###### 

Disease calculated risk (OR) by missing teeth classes.

![](10.1177_0394632017751786-table4)

  No. of missing teeth                           Cardiovascular disease   Diabetes mellitus type 2   COPD             Major depressive disorder
  ----------------------------- ---------------- ------------------------ -------------------------- ---------------- ---------------------------
  0 reference group (n = 20)    Events, n (%)    12 (60.0)                6 (30.0)                   3 (15.0)         4 (20.0)
  OR (95% CI)                   1                1                        1                          1                
  Less than 5 (n = 129)         Events, n (%)    85 (66.4)                28 (21.7)                  14 (10.9)        26 (20.1)
  OR (95% CI)                   1.3 (0.5--3.5)   0.7 (0.2--1.8)           0.7 (0.2--2.7)             1.0 (0.3--3.3)   
  Between 6 and 11 (n = 144)    Events, n (%)    97 (66.9)                34 (23.6)                  22 (15.4)        29 (20.0)
  OR (95% CI)                   1.3 (0.5--3.5)   0.7 (0.2--2.0)           1.1 (0.3--3.8)             1.0 (0.3--3.2)   
  Between 12 and 17 (n = 111)   Events, n (%)    81 (73.6)                30 (27.0)                  20 (18.0)        25 (22.5)
  OR (95% CI)                   1.9 (0.7--5.0)   1.0 (0.3--2.4)           1.0 (0.3--4.6)             1.1 (0.4--3.8)   
  More than 18 (n = 122)        Events, n (%)    96 (78.7)                34 (28.1)                  17 (13.9)        29 (23.8)
  OR (95% CI)                   2.5 (1.1--6.6)   1.1 (0.3--2.5)           1.1 (0.3--3.4)             1.2 (0.4--4.1)   

OR: odds ratio; COPD: chronic obstructive pulmonary disease; CI: confidence interval.

No relationship among underweight, obesity, CVD, and number of missing teeth has been observed; nevertheless, in subjects with normal weight, number of missing teeth discriminated patients with (n = 121) or without CVD (n = 66) (12 ± 8 vs 9 ± 8, *P* \< 0.05) suggesting that number of missing teeth affect also the quality of the diet.

Logistic regression confirmed that CPI index (OR = 1.067, 95% CI = 1.025--1.110, *P* = 0.002), the number of filled teeth (OR = 0.929, CI = 0.884--0.976, *P* \< 0.05), and those of missing teeth (OR = 1.033, CI = 1.007--1.060, *P* = 0.013) were associated with vascular diseases independently from age (range 65--98), sex, and other comorbidities.

Discussion {#section5-0394632017751786}
==========

Tooth loss as well as poor oral care is a worldwide public health issue.^[@bibr10-0394632017751786][@bibr11-0394632017751786]--[@bibr12-0394632017751786]^ Our study shows a significant correlation between number of missing teeth and CVD; in fact, old people with more than 18 missing teeth have 2.5 times greater risk of CVD. These data agree with the literature; in fact, Holmlund et al.^[@bibr11-0394632017751786]^ reported an increased risk of mortality from coronary heart disease in subjects with \<10 teeth compared to those with \>25 teeth. Oluwagbemigun et al.^[@bibr12-0394632017751786]^ in a study conducted on 24,313 people found that an increasing number of teeth is inversely related to risk of MI.

The presence of more than 20 natural teeth has a fundamental role in maintaining a satisfactory nutritional status. Missing teeth could lead to altered dietary intake and poor nutritional status, which could contribute to increased risk of developing chronic diseases.

Consequences of tooth loss are multiple and not only of a physical nature. The psychological effects reported by various authors with high frequency are shame, tendency to isolation, decreased self-esteem. In our study, 30% of patients refer discomfort because most of them did not have prosthesis with a consequent esthetic and masticatory worsening. The worst GOHAI observed in women is probably due to their higher esthetic needs which lead them to be more exigent. Considering that 96% of the patients enrolled in this study are missing at least one tooth, we can deduce that the loss of natural teeth is a pervasive phenomenon among Italian subjects over 65.

Our results show that 43.7% subjects have more than 12 missing teeth, and 52.4% have more than 18 missing teeth. Around 40% of patients showed an acceptable oral hygiene.

The limitations of the study were represented by (1) retrospective analysis and (2) lack of correlation between nutritional status and/or alcohol consuming and DMFT, CPI, and GOHAI indexes. In this study, we did not evaluate the obesity type by the waist-to-height ratio (WHR). In addition, we believed that in Italy the older people prefer to declare to be soberer in a non-anonymous questionnaire.

With these limitations, considering the high prevalence of patients with more than 18 missing teeth, our data suggest a need for educational and social measures to improve patients' attitudes to dental care and to encourage the use of prostheses among the elderly in order to restore a normal chewing to allow a suitable nutrition.

Considering that elderly people account for 20% of the population, that the average life has lengthened and the growing increase in public spending for the elderly, geriatrist cardiologist and dentist should collaborate to improve oral health education in elderly and prevention to counteract development of CVD and other general diseases and to early identify patients at risk of CVD.
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